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Bioavailability of Calcium in Sun-Cured Alfalfa Meal and Effect 
of Dietary Calcium Concentration on Bone and Plasma 
Characteristics During Two Phases of Gestation in Gil t~~1~1~ 
G. L. Walkefi, D. M. Daniel~on~9~, E. R. Peo, Jr.6, and R. F. Mumm7 
University of Nebraska West Central Research and Extension Center, North Platte 69101 
ABSTRACT: A study was conducted with gravid 
gilts to determine the bioavailability of Ca in sun- 
cured alfalfa meal (AM) and the effect of dietary Ca 
concentration on bone and blood characteristics during 
two phases of gestation. Two Ca sources (AM and 
CaC03), three dietary concentrations of Ca ( 5 0 ,  75, 
and 100% of the NRC requirement), and two gestation 
phases ( 5 5  and 105 d )  were used in a 2 x 3 x 2 
factorial arrangement in a randomized design with 
five replications (60 gravid gilts). Response criteria 
were as follows: 1) plasma Ca, P, and alkaline 
phosphatase (AKP) measured at  the onset and at  
25-d intervals and 2 ) metacarpal (M C ) and metatar- 
sal (MT) bone breaking strength (kilograms), ash 
content (percentage), density (grams/cubic cen- 
timeter), and ash density (grams of ashicubic cen- 
timeter) at  the conclusion of the experiment. Plasma 
Ca, P, and AKP concentrations were similar between 
Key Words: Bioavailability, 
Ca sources. Because the response between Ca sources 
was similar, the data were pooled among sources. 
There was a linear decline in plasma P and AKP ( P  I 
.05) as dietary Ca concentration increased. As gesta- 
tion progressed from 0 to 100 d, there was a decline ( P  
< .05) in plasma Ca and P. There were no differences 
in bone breaking strength and ash between Ca sources 
in either the MC or MT. No differences in bone 
strength between gestation phases occurred. A gesta- 
tion phase x dietary Ca concentration interaction (P < 
.05) was observed for bone ash in both bones. An 
interaction ( P  I .07) between Ca source and diet Ca 
concentration occurred for bone and ash density in the 
MC. There were differences in plasma Ca, P, and AKP 
as gestation progressed. The Ca in the AM used in this 
experiment was found to be as bioavailable as the Ca 
in CaC03 when fed to gravid swine. 
Calcium, Alfalfa Meal, Pigs 
Introduction 
Alfalfa is one of the most important forage crops 
grown in the United States and the world (Hanson 
and Barnes, 1973). Before 1950, inclusion of alfalfa 
meal in the diet was considered to be essential to  meet 
the nutrient requirements for reproduction in swine 
(Foster, 1973). Alfalfa meal is a good source of several 
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important vitamins and trace minerals and is often 
included in swine diets as a source of these nutrients. 
Sun-cured alfalfa meal (AM) is high in Ca relative to 
common feed grains. Thus, when included in the diet 
at concentrations of 10 to 50%, it becomes a major 
contributor of Ca to the diet. Dietary fiber has been 
shown to interfere with mineral bioavailability (Ali et 
al., 1981; Kelsay, 1981); therefore, a concern about 
the bioavailability of Ca becomes valid when feeding 
AM because it contains 38 to 58% NDF (NRC, 1984). 
Previous research has estimated the bioavailability 
of Ca in alfalfa using various species at 50 to 75% in 
steers fed hay (Hansard et al., 19571, 66% in dairy 
cattle (Ward et al., 19791, 79 to 94% in chicks (Ward 
et al., 19841, 76 to 80% in ponies (Hintz et al., 19841, 
and 22% in alfalfa meal fed to growing pigs (Cromwell 
et al., 1986). However, no data are available for 
gestating swine. Therefore, the objectives of this study 
were to  determine the relative bioavailability of Ca in 
AM fed to gravid gilts and to  study the effects of 
dietary Ca concentration on bone and blood charac- 
teristics during two phases of gestation. 
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Table 1. Composition of gestation diets ( % a )  
125 
CaC03, % NRC Alfalfa meal, % NRC 
Ingredient 50 75 100 50 75 100 
Alfalfa meal - - - 19.80 32.80 45.45 
Corn 60.76 60.76 60.76 60.00 58.71 38.32 
Soybean meal 19.67 19.67 19.67 11.50 6.10 3.95 
Salt .25 2 5  .25 .25 .25 .25 
Premixa .10 .10 .10 .10 .10 .10 
Monosodium phosphate .76 .76 .76 .81 .85 1.01 
DW fat’ - - - .44 1.19 10.92 
CaC03 .63 1.05 1.46 
Solka flocC 6.50 10.68 13.23 
Sand 11.33 6.73 3.77 7.10 
- - - 
- - - 
- - 
aPremix supplied the following vitamins and minerals per kilogram of diet: 4,405 IU of vitamin A 
acetate, 440 IU of vitamin D3, 22 IU of vitamin E as dl-alpha tocopheryl acetate, 1.76 mg of vitamin K 
activity from menadione dimethylpyrimidionol bisulfite, 4.4 mg of riboflavin, 26.4 mg of niacin, 440 mg of 
choline chloride, 15.86 mg of d-pantothenic acid, 238 pg of selenium, 150 mg of zinc (ZnS04), 60 mg of 
manganese (MnO), 175 mg of iron (FeS04), 17.5 mg of copper (CuSO4) and 2 mg of iodine (KI) .  
‘Sow Weena dry fat 4-80, Merricks, Middleton, WI. 
‘Solka floc, James River, Berlin, NH. 
Experimental Procedure 
Sixty gravid crossbred gilts (Duroc x Yorkshire) 
that averaged 120 kg were used in a 2 x 3 x 2 factorial 
treatment arrangement in a completely randomized 
experimental design. There were two sources of Ca 
(AM and CaC03), each formulated to three dietary 
Ca concentrations (50, 75, and 100% of the NRC 
[19881 requirement, or 7.1, 10.65, and 14.2 g/d, 
respectively). Because CaC03 (calcium carbonate, 
Iowa Limestone, Des Moines) is commonly used in 
swine diets in the form of limestone and has been 
found to be highly available in Ca (100%; Ross et al., 
19841, it was used as the standard reference source. 
Each of the six diets (Table 1) were fed to two groups 
of gilts (one fed for 55 d and the other for 105 d after 
breeding). The 12 treatment combinations were repli- 
cated five times using the gilt as the experimental 
unit. Each gilt was fed 2.27 kg of feed per day divided 
into two equal meals fed in the morning (0700) and 
afternoon (1 700). The orts were collected and weighed 
after each feeding. 
Immediately after breeding, each gilt was assigned 
to her dietary treatment. Animals were maintained in 
earthen pens ( 5  m x 23 m, 10 gilts per pen) equipped 
with shelter (open-sided) and covered individual 
gestation feeding stalls capable of ensuring that each 
gilt received only her portion of the feed each meal. 
Each pen contained an automatic waterer located 
between the shelter and the feeding stalls. The gilts 
were fed a corn-soybean meal diet before the start of 
the trial. 
Chemical composition of AM and the diets, as 
analyzed, is given in Table 2. Baled, second cutting of 
sun-cured alfalfa hay of good quality and color 
harvested between 10 to 40% bloom was stored in a 
dry barn until needed, then ground through a 
hammermill using a 9-mm screen. All the alfalfa hay 
was from the same source. Phosphorus content of the 
diet was calculated to provide an intake of 11.4 g/d per 
animal as required by NRC (1988). Dietary lysine 
was formulated to equal or exceed the NRC (1988) 
requirement (8.2 g/d). All diets were equalized for 
NDF by using solka floc (Solka floc, James River, 
Berlin, NH) as a purified fiber source. A dried-fat 
product (Sow Weena dry fat 4-80, Merricks, Middle- 
ton, WI) was used as an energy source to  make all 
diets isoenergetic. All calculations were based on table 
values. Sand was used in various diets as a dietary 
energy diluent. Vitamin and trace minerals were 
added to ensure that all diets provided concentrations 
that met or exceeded NRC (1988) requirements. 
At the end of each feeding period (55  and 105 d) ,  a 
total of 30 animals were killed (stunned, then 
exsanguinated) following animal care guidelines, and 
bone specimens were collected. The bones collected 
were the second and third metacarpal (MC) and 
metatarsal (MT) bones from the left fore and hind 
feet, respectively. Response criteria were blood plasma 
components (plasma alkaline phosphatase [AKPI, P, 
and Ca), percentage of bone ash, bone breaking 
strength, bone density, and ash density. 
From the onset of the study and at 25-d intervals, 
blood samples were taken via the brachial-jugular 
region in evacuated tubes that contained sodium 
heparin. Blood samples were only obtained from the 
gilts fed for 105 d to  determine plasma variables as 
gestation progressed from 0 to 100 d. Blood samples 
were placed on ice until the plasma was separated by 
centrifugation at 2,000 x g for 15 min. A 3-mL aliquot 
of the plasma was transferred to a clean, acid-washed, 
centrifuge tube that contained 3 mL of 16% trichloroa- 
cetic acid to precipitate the protein fraction, decreas- 
ing the possibility of contamination with organic P 
and Ca. After mixing and centrifugation at 2,000 x g 
for 10 min, the supernatant was decanted into 
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Table 2. Chemical composition of the alfalfa meal and gestation diets 
Diets 
CaC03 (% Ca NRC) Alfalfa meal (9 Ca NRC) 
Item meal 50 75 100 50 75 100 
Alfalfa 
DM, 5% 92.05 90.94 90.72 91.16 89.88 89.69 90.33 
CP, % 18.60 13.95 14.13 14.67 13.26 14.29 13.70 
NDF, % 37.59 26.10 26.14 26.69 23.56 21.80 24.62 
Ca, 9 1.33 .40 .56 .60 .40 .48 .66 
P, % .30 .51 .49 .50 .44 .50 .58 
Oxalate, mgig 7.95 1.23 1.16 1.39 2.31 3.21 4.25 
ME, kcalikz 1,320 2,684 2,684 2,684 2,684 2,684 2,684 
Lysine, %a .8 .71 .71 .71 .63 .58 .57 
aCalculated values. 
polyproylene tubes, capped, and frozen at -20°C until 
it was assayed. 
Alkaline phosphatase was determined using a 
colorimetric procedure by Sigma Diagnostic methods 
(Sigma Chemical, St. Louis, MO) in which AKP is 
measured in Sigma unitddeciliter of plasma. This 
procedure was performed within 7 d of collection to 
reduce loss of enzyme because of instability. Calcium 
and phosphorus concentrations were determined at 
the end of the trial. Phosphorus was analyzed using 
the molybdovanadate colorimetric procedure (AOAC, 
1980) automated for the rapid flow analyzer (RFA, 
Alpkem, Clackamas, OR). Calcium was determined by 
procedures outlined by Gitelman (1967) as modified 
by Moorehead and Briggs (1974) for the RFA. 
Feed ingredients and diet samples were analyzed 
for DM, CP, NDF, and P according to methods 
described by AOAC (1980). Oxalate content was 
determined by gas chromatographic procedures as 
outlined by Rankins (1989). Calcium was determined 
by the same procedure as plasma Ca using the RFA. 
The bones were prepared by dissecting them from 
the hide and tissue using a scalpel and a sharp boning 
knife. The periosteum was removed gently with a 
short stiff knife. The dissected bones were frozen 
( -20°C) until they were analyzed. Bone breaking 
strength (kilograms) was determined on the prepared 
fresh bone using the Instron universal testing appara- 
tus (Model 1123, Instron, Canton, MA) as described 
by Crenshaw et al. (1981). 
After stress tests were completed, a cross-section 
(1.3 cm) was cut from each bone so that the 
percentage of bone ash could be determined on a fat- 
free bone basis. The cross-sections were placed in 
cheesecloth bags and soaked in methanol for 24 h 
before ether extraction to improve the extraction 
process. After methanol extraction, bones were placed 
in a side arm Soxhlet extraction apparatus, extracted 
with anhydrous ethyl ether for 48 h, and allowed to air 
dry under a hood for 48 h. Dry weight was recorded 
and ash determined by heating to 700°C for 48 h in a 
muffle furnace. 
Bone density was determined by calculating the 
grams of bone per unit volume, which was determined 
by measuring water displacement at a constant 
temperature in an apparatus capable of measuring 
volume to the nearest .05 mL. The bones were sealed 
with petroleum jelly to  prevent water uptake by the 
bone, so true circumferential volume was measured. 
Volume of the petroleum jelly was determined to be 
negligible. Percentage of bone ash per unit volume 
was also calculated. 
Statistical Analysis 
The data were analyzed by ANOVA using the GLM 
procedure of SAS (1985) for a 2 x 3 x 2 factorial 
treatment arrangement in a completely randomized 
design. The response to graded concentrations of Ca 
was assessed using orthogonal comparisons as 
described by Steel and Torrie (1980). Treatment 
effects were Ca source, phase of gestation, and dietary 
Ca concentration. The linear response of Ca source as 
the dietary Ca concentration increased was used to 
determine slope response difference in the diet. The 
appropriate interactions were used to determine 
whether the slopes of response curves were different. 
The slopes were tested for equality using a t-test and 
by testing the linear and quadratic effects of the 
interaction of Ca source x Ca concentration. Plasma 
Ca, P, and AKP were analyzed as a split plot over time 
with a model that included effects for treatment, gilt 
within treatment, sampling period, and sampling 
period x treatments. When significant, initial weight 
and gestation day (deviation from termination day; 55 
to 105 d )  were used as covariables to account for their 
effect on response variation except that the 
55-d gestation group was not used in the blood data 
computation and analysis. Four animals aborted or 
failed to  conceive (no more than one per treatment); 
thus, the data set was analyzed with missing observa- 
tions. The probability level used to determine sig- 
nificance for all data was P < .05 unless otherwise 
stated.  
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Table 3. Effect of alfalfa meal (AM], dietary calcium concentration (DC), and gestation phase on metacarpal 
(MC) and metatarsal (MT) breaking strength, ash percentage, bone density, and ash densitya 
Item 
Breaking strength, Bone ash, Bone density, Ash density, 
kg % gimL g of ash/mL 
MCb M T ~  MCcd M T ~  MCe MT MCe MT 
Ca source 
CaC03 276.2 f 6.9 236.8 f 5.7 66.9 f .1 67.2 f .1 1.53 f .02 1.51 f .03 1.03 f .02 1.02 f .02 
AM 286.6 f 6.9 248.9 f 5.7 66.9 f .1 67.3 f .1 1.54 f .02 1.54 f .03 1.03 * .02 1.03 f .02 
55 287.2 f 6.6 246.9 r 5.4 66.8 f .09 67.2 f .09 1.53 f .02 1.53 f .03 1.02 f .02 1.03 f .02 
105 275.6 f 7.1 238.9 f 5.9 67.1 f .1 67.3 f .1 1.54 f .03 1.51 f .03 1.03 f .02 1.02 +_ .02 
50 260.6 f 8.6 230.4 f 7.0 66.8 f .12 67.1 f ,152 1.52 f .03 1.53 f .04 1.02 f .02 1.03 f .03 
75 281.9 f 8.3 245.3 * 6.8 67.0 f .12 67.3 f .12 1.51 f .03 1.51 f .04 1.01 f .02 1.01 f .03 
100 301.5 f 8.3 252.8 * 6.8 66.9 f .12 67.3 f .12 1.57 f .03 1.53 f .04 1.05 f .02 1.03 f .03 
Gestation phase, d 
DC, % NRC 
aLeast squares means * SE. 
bBreaking strength was linear for MC and MT for DC ( P  c ,011. 
‘Gestation phase effect (P c .01). 
dGestation phase x concentration interaction ( P  c .05). 
eCalcium source x concentration interaction ( P  < .07). 
Results and Discussion 
All gilts remained in good health throughout the 
trial with no apparent structural problems or other 
deficiency symptoms, even though some of the animals 
were fed a Ca-deficient diet. Bone breaking strength in 
both MC and MT (Table 3)  increased linearly ( P  < 
.01) as dietary Ca increased, indicating that the gilts 
responded to  Ca concentrations in the diet. The 
response was not quadratic, demonstrating that maxi- 
mum bone breaking strength had not been obtained 
and may require additional Ca supplementation 
beyond 100% of the NRC requirement to reach 
maximum bone strength. The bone ash in the MC and 
MT bones was not as responsive to  dietary Ca 
concentration as was bone strength because the 
orthogonal contrasts were not significant. 
Metacarpal and MT bone breaking strength and ash 
were not different ( P  > .05) between gilts fed AM and 
CaC03 diets. There were no Ca source x dietary Ca 
concentration interactions (Table 3)  except for bone 
density and ash density in the MC. Because the Ca 
source x dietary Ca concentration interactions were 
not significant, the slopes of the regression lines were 
not considered to be different, indicating a similar 
response of the bone strength to increasing dietary Ca 
concentration between AM and CaC03. However, the 
slopes were tested statistically by two methods ( t-test 
of equality of slopes and by testing the linear and 
quadratic effects of the interaction) to ensure that the 
slopes were similar as indicated by the nonsignificant 
( P  > .05) interaction (Ca source x dietary Ca 
concentration). In both cases the slopes were found to 
be similar and not significantly different ( P  > .05). 
This seems to indicate that the bioavailability of Ca in 
AM is as good as in CaC03. Because only the bone 
breaking response was significant for increasing 
dietary Ca, it was the one considered when comparing 
the slopes of the regression lines of the two Ca sources; 
therefore, the bioavailability of Ca is estimated to be 
100% relative to CaC03. 
These data are not in agreement with those 
reported by Cromwell et al. (19861, who estimated the 
bioavailability of Ca in alfalfa meal ( the type of alfalfa 
meal used by Cromwell et al. [19861 was not 
described) fed to growing-finishing pigs to be 22% 
relative to CaC03. However, the alfalfa meal may be 
different from the AM used herein due to variety, soil 
type, and fertilization or different processing methods. 
The present data are similar to those of Ward et al. 
(19841, who found the availability of Ca in AM fed to 
chicks to be 79 to 94% relative to CaC03 and with the 
results of Hintz et al. (1984), who estimated the true 
availability of Ca in alfalfa hay fed to ponies to be 80.1 
and 76.3% depending on alfalfa source used. 
There was no difference in breaking strength of the 
bones from the gilts allowed to gestate for 55 d 
compared with those that gestated for 105 d (Table 
3) .  However, MC bone ash was greater ( P  < .01) in 
the gilts that gestated for 105 d than in those that 
gestated 55 d (Table 3) ,  whereas bone ash in the MT 
was not influenced by gestation phase. There was a 
gestation phase x dietary Ca concentration interaction 
( P  < .05) observed in both the MC and MT bones for 
bone ash (Table 4).  Bone ash in the gilts that 
gestated for 105 d responded quadratically with 
increased dietary Ca concentration, indicating a peak 
in bone ash at  75% of NRC, then a leveling as the 
dietary Ca concentration increased. 
Metacarpal bone and ash density were also used as 
indicators of mineral status of the animal as affected 
by Ca sources, gestation phases, and dietary Ca 
concentrations. A significant ( P  I .07) two-way 
interaction was observed among Ca sources and 
dietary Ca concentration for ash density in the MC 
bone (Table 5 ) .  Gilts fed CaC03 responded quadrati-  
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Table 4. Effect of gestation phase x dietary calcium 
concentration interaction on bone ash percentage in 
the metacarpal (MC) and metatarsal (MT) bonesa 
MC MT 
Dietary Ca Gestation phaseb, d Gestation phaseb, d 
concentration, 
% NRC 55 105 55 105 
Bone ash, o/o 
50 66.8 66.7 67.2 67.0 
75 66.9 67.2 67.2 67.4 
100 66.9 67.0 67.2 67.4 
SE .2 .2 .2 .2 
aLeast squares means. 
b105 d response was quadratic (P < .05). 
cally ( P I .07) to increased dietary Ca, whereas those 
fed AM responded linearly ( P I .07). There were no 
treatment differences observed in the MT for bone and 
ash density (Table 3) .  
Plasma Ca, P, and AKP were not affected by Ca 
source (Table 6) .  As the dietary Ca concentration 
increased, there was a significant linear decrease in 
plasm P and AKP ( P  I .05) with no change in plasma 
Ca (Table 6).  Plasma Ca would not be expected to 
deviate substantially due to concentrations of dietary 
Ca unless animals were subjected to an extremely 
deficient diet (Simesen, 1980). Nimmo et al. (1981) 
also found no effect of dietary Ca concentration on 
plasma Ca with a mean of 10.6 mg/dL, which is 
somewhat higher than the 10.0 mgidL Ca observed in 
the current study. Simesen (1980) reported the 
average serum Ca concentration to be 10.1 m&dL for 
the pregnant sow; this is consistent with the results 
reported herein. Tietz (1970) postulated that there 
was a reciprocal relationship between serum Ca and 
P, thus giving support to the relationship reported 
herein. The overall mean of plasma P (6.27 mg/dL) in 
the current study seems to be lower than serum P 
values given by Simesen (1980) for a gestating sow 
ET AL. 
(7.9 mg/dL), which could be the difference between 
plasma vs serum P values. 
As gestation period progressed from 0 to 105 d, 
there was a linear decline in plasma concentrations of 
Ca and P ( P  < .05; Table 7), whereas plasma AKP 
increased linearly ( P  < .05). There were no significant 
Ca source x blood sampling period interactions for 
AKJ?, P, or Ca. However, there was a significant ( P  < 
.05) dietary Ca concentration x blood sampling period 
interaction for plasma AKP, gilts fed different dietary 
Ca concentrations responded differently as gestation 
progressed. Gilts fed 50 and 100% NRC for Ca 
responded cubically ( P < .05) in AKP as gestation day 
progressed, whereas at the 75% of NRC concentration 
of Ca, there was a linear increase (Table 8). Even 
though the response at 50% of NRC for dietary Ca was 
cubic, the general trend was an increase in plasma 
AKP as gestation progressed, indicating that at  
dietary Ca concentrations below the recognized re- 
quirement, the homeostatic mechanisms that in- 
fluence bone resorption work to maintain plasma Ca 
as shown by plasma Ca concentrations in Table 9. Also 
in support of this homeostatic process is the decline in 
AKP as dietary Ca increased at 100 d of gestation, a 
time when Ca demand is at  its greatest (Simesen, 
1980). Alkaline phosphatase concentrations would be 
expected to decrease as dietary Ca concentration 
increases because the enzyme is involved with bone 
resorption (Simesen, 1980) and with absorption at  
the mucosal cell in the small intestine (Vogel, 1989). 
Nimmo et al. (1980, 1981) also reported that AKP 
concentrations decreased with a corresponding in- 
crease in dietary Ca concentration. 
The response for plasma Ca was similar among 
gilts fed different dietary Ca concentrations as length 
of gestation increased (Table 9). The decrease in 
plasma P observed was consistent across all dietary 
Ca concentrations. Plasma Ca seemed to peak at mid- 
term and continued to decline to d 100 as shown by 
the pooled means in Table 7. As previously discussed, 
this response would be expected because of increased 
Ca demand during late gestation. 
Table 5. Effect of calcium source x dietary calcium concentration 
interaction on metacarpal density and bone ash densitya 
Calcium source 
Metacarpal density, gimL Bone ash density, g/mL 
Dietary Ca concentration, 
% NRC CaCORb Alfalfa meal' CaCOgb Alfalfa meal' 
50 1.56 1.47 1.05 .98 
75 1.47 1.55 .98 1.04 
100 1.55 1.60 1.03 1.07 
SE .04 .04 .03 .03 
aLeast squares means. 
bCaC03 response quadratic ( P  < .07). 
c u d f a  meal response linear ( P  < -07).  
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Table 6. Effect of calcium source and concentration 
on plasma calcium, phosphorus, and alkaline 
phosphatase (AKP) concentrationsa 
Ca, p,  AKp, 
Item mgidL ' mg/dLb Sigma units/dLb 
CaC03 10.00 6.24 2.65 
Alfalfa meal 10.00 6.30 2.63 
SE .12 .1 .09 
Dietary Ca concentration, % NRC 
50 9.93 6.46 2.90 
75 10.08 6.37 2.58 
100 9.99 5.98 2.44 
SE .15 .12 .1 
aLeast squares means. 
hLinear decline with increased concentration of dietary Ca ( P  S 
.05). 
Research has shown that the gestating sow is 
capable of increasing fiber digestion when fed a high- 
fiber diet over a period of time (Pollmann et al., 
1979). The gilts in this experiment were maintained 
on a corn and soybean meal diet before being placed 
on this trial; however, they were > 8 mo old and would 
be expected to have had a fully developed digestive 
system that allows fermentation of higher quantities 
of fiber than that of growing pigs. Through this 
process, the oxa1ate:Ca complex that exists in alfalfa 
hay could be broken down, making Ca available for 
absorption. Because Ca absorption has been shown to 
be increased in the colon, especially in marginal Ca 
diets (Favus et al., 1980) and during pregnancy 
(Wrobel and Nagel, 1980; Armbrecht et al., 19801, Ca 
released from fermentation could be absorbed at this 
site increasing the percentage retained. Growing- 
finishing pigs may not have the capacity to increase 
their fiber digestion to the extent that pregnant 
animals do. 
Although it has been assumed that a large portion 
of Ca in alfalfa is not available to  nonruminants 
because of the presence of oxalic acid, the concentra- 
tion of oxalic acid in the alfalfa meal used in this 
experiment was not high enough to bind all the Ca 
present (Table 2). Ward et al. (1979) reported 
oxalate values between 5.4 and 10.2 mg/g for AM, and 
Hintz et al. (1984) analyzed 12 different alfalfa hay 
samples that ranged from 4.0 to 8.7 mg/g in oxalate 
content. The oxalate content of the AM used in this 
study falls within this range (7.95 mgig). The binding 
ratio between Ca and oxalate is theorized to be 1:l on 
a molar basis (Hintz et al., 1984; Heaney et al., 
1988). The AM used in this study contained .09 mM of 
oxalateig and .36 mM of Caig of AM. Therefore, (.09/ 
.36 x 100 indicates that only 25% of the total Ca 
present in the AM could be potentially bound by 
oxalate. However, there are other divalent ions that 
bind oxalate such as magnesium and zinc (Hintz et 
al., 1984), which could permit even more of the Ca to 
be available for absorption. 
Even though the diets were calculated to provide an 
equal total P intake across all diets, the analyzed 
value was 12% lower in the diet formulated with AM 
at 50% of NRC for Ca. The other analytical values for 
P for the other diets were similar to the calculated 
concentrations. 
Hall et al. (1991) reported that Ca absorption was 
increased by dietary additions of vitamin K and that 
Ca homeostasis is a vitamin K-dependent process. 
When feeding alfalfa meal vs dehydrated alfalfa meal 
Table 7. Effect of gestation day (blood sampling period) on plasma calcium, 
phosphorus, and alkaline phosphatase concentrationsa 
Dav of gestation 














10.05 9.93 10.27 9.94 9.61 
9.92 9.86 10.40 10.49 9.52 
9.98 9.89 10.33 10.22 9.57 
.21 .21 .21 .21 .21 
Phosphorus, mg/dL 
6.30 6.33 6.57 5.99 5.79 
6.67 6.84 6.82 5.63 5.53 
6.49 6.59 6.70 5.81 5.66 
.17 .17 .17 .17 .17 
Alkaline phosphatase, Sigma units/dL 
2.39 2.70 2.52 2.87 2.99 
2.37 2.44 2.77 2.63 2.79 
2.38 2.56 2.64 2.75 2.89 
.11 .11 .11 . l l  .ll 
aLeast squares means. 
bPooled data effect showed a significant linear decline ( P  c ,051.  
 
130 WALKER 
Table 8. Effect of gestation day (blood sampling 
period) x dietary calcium concentration 
interaction on plasma alkaline phosphatase" 
ET AL. 
diets it should be assumed to be 100% available in Ca, 
requiring appropriate P supplementation in the diet to 
ensure a Ca:P balance for optimum production. This is 
especially true when including alfalfa meal at rela- 
tively high dietary concentrations ( 2 25%). Dietary Ca concentration, % NRC 
Day of 








2.39 2.39 2.35 
3.35 2.37 2.00 
2.97 2.56 2.39 
2.70 2.80 2.75 
3.35 2.83 2.49 
.19 .19 .19 
aLeast squares means. 
bCubic as gestation progressed ( P  < ,051. 
Zinear  increase as  dietary Ca increased ( P  < .05). 
dLinear decline as dietary Ca increased ( P  c .05). 
to mature swine, there may be more vitamin K still 
present in AM than if it had gone through dehydration 
processing, eventually supporting greater Ca absorp- 
tion than from dehydrated AM. The results show the 
Ca in the AM used in this study was an excellent 
source of Ca when fed to gestating gilts. 
Implications 
The alfalfa meal was a highly available source of Ca 
relative to  CaC03 when fed to gestating swine. 
Therefore, when including alfalfa meal in gestation 
Table 9. Effect of dietary calcium concentration 
and gestation day (blood sampling period) 
on plasma calcium and phosphorus" 
Day of 
gestation 
Dietary Ca concentration, % NRC 














10.12 10.09 9.75 
9.75 9.86 10.08 
9.80 10.73 10.46 
10.11 10.36 10.19 
9.48 9.61 9.60 
.03 .03 .03 
- Phosphorus, mg/dLd - 
6.57 6.65 6.25 
7.42 6.65 5.69 
6.56 6.88 6.65 
5.83 5.84 5.77 
5.87 5.67 5.44 
.03 .03 .03 
aLeast squares means. 
bDietary Ca concentration and gestation day main effects nonsig- 
nificant ( P  > .05). 
plasma Ca mean 10 mg/dL. 
dDietary Ca concentration x gestation day (Blood sampling 
period) interaction approached significance ( P  5 .17). 
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